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Schematic Representation of the Epo-EpoR-
JAK2 Complex
EpoR assembles with JAK2 in the ER, and
this assembly is required for optimal expres-
sion of the EpoR on the cell surface. Assem-
bly involves interaction of a membrane-proxi-
mal segment of the EpoR cytoplasmic
domain with the JH7 domain of JAK2. Binding
of Epo to the EpoR-JAK2 complex results in
JAK2 auto- or transphosphorylation as well
as phosphorylation of the EpoR kinase do-
main (P). The D1 and D2 domains of the EpoR
and JH3–JH7, pseudokinase and kinase do-
mains of JAK2 are indicated. Residues 32–
382 of JAK2 comprise a predicted FERM do-
main similar to those found in the cytoskeletal
adaptor proteins moesin and radixin.
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other mitotic events are not appropriately coupled, un-Regulating Sister Chromatid
coordinated mitosis can take place, leading to errorsSeparation by Separase in chromosome transmission and aneuploidy. Recent
studies have made significant progress in understand-Phosphorylation
ing the molecular mechanism of sister chromatid sepa-
ration (Uhlmann et al., 1999; Nasmyth et al., 2000; Yana-
gida, 2000).
A recent paper in Cell highlights a second mechanism Sister chromatids duplicated during S phase are
of regulation of separase in addition to the bound in- closely connected to each other until anaphase. Sister
hibitor securin. This second pathway involves sepa- chromatid cohesion is set up during S phase, and the
rase phosphorylation and is dependent on CDC2. sister chromatids are linked by a protein complex named
cohesin.
Faithful transmission of chromosomes from mother to In vertebrates, dissociation of cohesin from chromo-
somes is a two-step process. The majority of the cohesindaughter cells is fundamental for genetic inheritance.
Separation of paired sister chromatids occurs during detaches during prophase, and the remainder is re-
moved in anaphase by cleavage of the cohesin subunitanaphase and needs to be properly coordinated to other
cell cycle events. If sister chromatid separation and SCC1/Rad21 by a cysteine protease called separase.
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Mechanisms of Separase Regulation
Stemmann et al. (2001) show that in mamma-
lian cells the inactivation of separase is inde-
pendently regulated by phosphorylation in
addition to its association with the bound in-
hibitor securin. The mode of interaction be-
tween securin and separase in the complex
is based on studies in fission yeast and fly.
Separase activity is held in check by another protein The S1126PVL site is not a perfect consensus for
CDC2 kinase, and in vitro it can be phosphorylated bycalled securin, which inhibits the separase activity by
physical association (see Figure). Like mitotic cyclins, ERK2 well as CDC2/cyclin B. The authors suggested
that CDC2 might act as an upstream regulator of ERK2.securin is degraded during anaphase through polyubi-
quitination by the 20S anaphase-promoting complex/ S1126 site is in the nonconserved region of separase
and is not found in budding yeast Esp1 and fission yeastcyclosome and degradation by 26S proteasome. The
timing of sister chromatid separation can therefore be Cut1, the separase homologs, making it as of yet uncer-
tain whether this mechanism also operates in yeast.determined by securin degradation. However, securin
is not absolutely required for viability in vertebrates. However, overexpression of the nondegradable cyclin A
in Drosophila does prevent sister chromatid separationHuman tissue culture cells lacking securin can grow,
with a certain level of chromosome aberration, and sec- (Parry and O’Farrell, 2001), so CDC2 may also be in-
volved in regulating separase in lower eukaryotes.urin knockout mice are viable (Jallepalli et al., 2001;
Mei et al., 2001). These results strongly suggest that Separase is a large (200 kDa) protease, and its
C-terminal catalytic domain is evolutionarily conserved.additional mechanisms other than securin inhibition reg-
ulate separase acitivity and thus sister chromatid sepa- Drosophila has surprising separase gene organization
(Jager et al., 2001). There seem to be two genes, THRration.
In the December 14 issue of Cell, Stemmann et al. and SSE, the products of which both bind to PIM, the
fly securin homolog. Fly separase-securin thus seems(2001) provide evidence for securin-independent inhibi-
tion of separase. A previous study by Holloway et al. to have a trimeric structure. SSE resembles the con-
served C domain of separase, but THR has no similarity(1993) showed that addition of nondegradable cyclin B
to a Xenopus egg extract prevented mitotic exit but to the nonconserved N-terminal region of other sepa-
rases. In flies, these three genes are essential and muta-not sister chromatid separation. Based on this, they
concluded inactivation of CDC2 kinase is not required tions in them cause similar phenotypes. In fission yeast,
separase/Cut1 and securin/Cut2 are also essential but infor anaphase. However, Stemmann et al. found that this
experiment is sensitive to the concentration of nonde- budding yeast, securin/Pds1 is not essential for viability
(although the pds1 deletion is temperature sensitive).gradable cyclin B. At high concentrations, the stabilized
cyclin B can block both mitotic exit and sister chromatid These divergent phenotypes of securin and separase
mutants in different species are intriguing, and furtherseparation, even though securin is degraded as normal.
Which step of sister chromatid separation is inhibited studies are required for full understanding the role of
CDC2 in regulating separase in other organisms.by the high CDC2 activity caused by the non-degradable
cyclin B? The authors found that separase activity was The role of securin is ensured by its direct binding to
separase, and securin degradation is mediated by itsgreatly reduced by the high CDC2 activity, and identified
eight phosphorylation sites in mitotic separase. They destruction box sequence (Funabiki et al., 1996). Nonde-
gradable securin blocks sister chromatid separation butthen showed that a separase mutant containing only one
non-phosphorylatable mutation (S1126A) is resistant to not cell cycle progression in fission yeast, Drosophila,
and vertebrates. In budding yeast, however, nondegrad-the negative regulation caused by high CDC2 activity.
The S1126A mutant protein could cleave SCC1 and res- able securin induces metaphase arrest, suggesting that
it has an additional effect on cell cycle progression. Thecue sister chromatid separation even in the presence
of high CDC2 activity. These results strongly suggest binding interaction between securin and separase is
mediated by the C terminus of securin and the N termi-that the main mechanism by which high CDC2 kinase
activity prevents sister chromatid separation is the di- nus of separase. How can the C-terminal protease activ-
ity of separase can be inhibited by securin associatedrect phosphorylation of separase.
Does this phosphorylation of separase occur in the with the N terminus and also by central domain phos-
phorylation? To answer this, we will need to understandsomatic cell cycle? The answer appears to be yes. Ste-
mann et al. showed that most separase was phosphory- the three-dimensional architecture of separase. The tri-
meric structure of fly securin-separase complex sug-lated at S1126 during metaphase, and this phosphoryla-
tion was diminished at anaphase, though not completely gests that separase may be folded in the middle, draw-
ing the N and the C termini close together, and thisremoved. This phosphorylation appeared to be indepen-
dent of inhibition by securin-separase interaction. They could potentially facilitate the dual regulation. Overall,
the report from Stemmann et al. reveal a new aspect ofconcluded that anaphase activation of separase in ver-
tebrates requires both destruction of securin and re- separase regulation and highlighted many interesting
questions for the future.moval of inhibitory phosphorylation.
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contrast, disrupting a central spindle component pre-Cytokinesis: Closing in
vents formation of the midzone and results in regressionon the Central Spindle of the cleavage furrow after extensive ingression. Chro-
mosome segregation appears normal in many central
spindle mutants, suggesting that the midzone is re-
quired specifically for cytokinesis. Two central spindle
The central spindle is important for the completion cytokinesis genes, called zen-4 and cyk-4, encode an
of cytokinesis. Genetic and biochemical approaches MKLP and a RhoGAP that are interdependent for local-
have identified a tetrameric complex, made up of a ization to the central spindle (Jantsch-Plunger et al.,
mitotic kinesin-like protein and a Rho-GTPase activat- 2000; Powers et al., 1998; Raich et al., 1998). A vertebrate
ing protein, that mediates central spindle assembly. relative of ZEN-4, called MKLP-1, can crosslink antipar-
allel MTs in vitro (Nislow et al., 1992), suggesting that this
The mitotic spindle is a bipolar assembly of microtubules kinesin subfamily is directly involved in central spindle
(MTs) that performs multiple functions during cell divi- assembly.
sion. Most notably, kinetochore MTs capture and segre- Mishima et al. now show that ZEN-4 and CYK-4 form
gate to daughter cells the duplicated parental chromo- a tetrameric complex that they call centralspindlin. In-
somes. The spindle also performs a less obvious but triguingly, the N terminus of CYK-4 binds to the neck
well-documented role in the assembly or activation of linker and coiled-coil region of ZEN-4. Because the neck
linker is important for force production in other kinesins,a cortical microfilament-based contractile ring that di-
CYK-4 may regulate the motor activity of ZEN-4. Alterna-vides the parent cell during cytokinesis. More recent
tively, CYK-4 may influence the orientation of the ZEN-4studies have demonstrated that the central region of
neck and head regions to facilitate crosslinking of anti-the mitotic spindle is required for the completion of
parallel MTs.cytokinesis. The central spindle, or midzone, consists
Genetic data strongly support the functional signifi-of bundles of antiparallel, overlapping MTs that form
cance of the CYK-4/ZEN-4 interaction. An allele thatduring anaphase and persist after division as the mid-
introduces a single amino acid substitution in thebody. In this issue of Developmental Cell, Glotzer and
N-terminal region of CYK-4 eliminates binding to ZEN-4,colleagues focus on two key components of the central
disrupts central spindle assembly, and results in a latespindle, a mitotic kinesin-like protein (MKLP) and a Rho-
cytokinesis defect. Morever, Mishima et al. found sevenGTPase activating protein (RhoGAP) (Mishima et al.,
extragenic suppressors of this allele that introduce sub-2002). They use a compelling combination of biochemi-
stitutions in the CYK-4 binding region of ZEN-4 and
cal and genetic approaches to identify and dissect a
rescue central spindle assembly and cytokinesis. Bring-
tetrameric complex composed of these two proteins. ing the analysis full circle, one such suppressor mutation
This complex likely mediates central spindle assembly restores binding of ZEN-4 to the mutant form of CYK-4
by crosslinking antiparallel, nonkinetochore MTs. The in vitro. Finally, the authors show that CYK-4 and ZEN-4
stage is now set for a mechanistic understanding of the can each self-associate. Based on the associative prop-
role that the central spindle plays in the final act of erties of the two proteins, and on their stoichiometry in
cytokinesis. purified native complexes, the authors conclude that
Genetic studies in the nematode Caenorhabditis ele- two copies of each protein interact to form a tetrameric
gans have identified two distinct classes of proteins complex. This complex promotes the bundling of MTs in
required for cytokinesis: a contractile ring group and vitro—while ZEN-4 alone does not. Thus, centralspindlin
a central spindle group. Reducing or eliminating the likely mediates the assembly of the central spindle.
function of a contractile ring component results in an MKLP-1 and MgcRacGAP, human orthologs of ZEN-4
early cytokinesis defect: no membrane ingression oc- and CYK-4, form a similar complex. Depleting MgcRac-
GAP in a human cell line by RNA interference disruptscurs, and mitosis produces a single binucleate cell. In
